The 8 million inhabitants of the coast Lima City are supplied with water from Rimac and Chillons rivers and water wells in the Lima aquifer. Historics of Rimac River flow and static level of water level in wells are correlated in order to calculate residence time of water since the aquifer is recharged by Rimac River until water reaches a well located 12 km farther, in Miraflores district near sea. Relative abundances of 2 H and 18 O are used to identify origins of waters from those wells. 3 H and 14 C contents, respectively, are used to estimate ages of waters.
I. INTRODUCTION
The purpose of this paper is to study the evolution of the Lima aquifer dynamics. This aquifer is exploited by the Lima Waterworks Company (SEDAPAL) for its water to supply the growing Lima population, which in 1997 reached up to 8 million inhabitants.
In 1992, a 24.8 m 3 /s demand for water in Lima was confronted. This demand was satisfied with surface water of the Rimac river (9-13m 3 /s), the aquifer (up to 9.5 m 3 /s) replenished by the Rimac and Chillon rivers. A 2.2 m 3 /s overexploitation with increasing trend was observed.
In 1997, the exploited amount of groundwater reached 12.38 m 3 /s. That year projects for a more rational use of groundwater, artificial Rimac. aquifer recharge, and switching groundwater to surface water began [1] .
In order to evaluate the effects of those projects, SEDAPAL measured the evolution of the static level of its water wells. To study the origin of the waters in the aquifer, the relative abundance of 2 H and 16 O were measured. The residence time in the aquifer of waters is estimated from contents of 3 H.
II. THE RIMAC BASIN
Located along the west coast of South America, from 3 degrees to 18 degrees south latitude, Peru has three distinguishable regions called Costa, Sierra and Selva, respectively. The Costa is the coast limited by the Pacific Ocean; the Sierra, is a part of the Andean mountains, some of them glaciers above 6000m; and the Selva is the west part of the tropical Amazonas basin.
The rainy season on the Sierra, from December to Mars, results in significant fresh water flow in the rivers, most of them tributary to the Amazon River and the rest of them flowing down to the Pacific Ocean on a few drainage basins. Lima City is on the central part of the coast. It is irrigated mainly by the Rimac River, whose slope is more than 3%. The Rimac River flows from the wetlands, small lakes and glacial meltwaters of the Cordillera Central through steep narrow valleys onto a clastic wedge of coarse alluvial sediments between the mountains and the coast [2] . [4] . The Rimac River has 23 tributaries, the main of which is the Santa Eulalia basin with an area of 1097.7 km 2 [4] . The top lines of the Rimacs tributaries are between 4400m to 5200m [5] .
The dry lower zone of the Rimac Basin is formed by the Lima's entrance to its mouth in the Pacific. This zone is 17.5 km long with a gradient of 1.1 % and altitudes from 195 m to the sea level [5] .
III. HYDROGEOLOGICAL DESCRIPTION OF LIMA AQUIFER
The Lima aquifer is formed by unconsolidated alluvial, interspersed layers of gravels, sands, silt, and mudstones, deposited over a low permeability material, bounded by volcanic-sedimentary rocks and granites in the substrate. The area of the Lima aquifer is 260 km 2 , with a thickness estimated to be between 400 m to 500m [3] .
The Rimac and Chillon rivers recharge the Lima aquifer through filtrations, garden watering and irrigation canals. The sub-surface flows that begin in the upper parts of the Rimac and
Chillon basins also contribute to the water table of Lima. These flows reach the lower levels of the water table on the ends of the bay. In the sea, in front of Callao, there is a well that is being pumped to supply water to ships. In Chorrillos there is another water well whose floor is below sea level.
The permeability in the valley is 1 x 10 −3 m/s and changes to 10 −4 m/s in the alluvial cone.
The storage coefficient is 5 % in the valley and 0.2 % in the coastal area [3] .
The upper part of Lima aquifer is mainly composed by almost 100 m of gravels and other coarse-grained sediments in sand and clay matrix interspersed with fine-grained layers. The lower part is formed by much finer unconsolidated sediments composed of sands, silts and mud. The greater part of the aquifer is mostly unconsolidated alluvial deposits. Between the Rimac and Chilln rivers, the upper part is formed by fine-grained deposits [5, 6] . The north part of the Lima Delta also receives contribution from the Chillon River. The
East end of the Rimac River in the delta has an altitude of 300 m above sea level. In the middle section of the northern side of the Lima delta, the Rimac alluvial deposits meet with the ones that correspond to the Chillon alluvial deposits. The ground level, at that meeting point, is at 130 m above sea level, and consequently the topographic level decreases in 4 both sides of the Rimac River. This topographical surface suggests that the Rimac alluvial deposits descended from east to west and then dispersed to both, north and south sides. In north direction, 8km from Rimac River, the ground level decreases to 66 m above sea level.
The ground level retrieves the 130m altitude at 25km north from the Rimac River. Thus, near Chillon river, the alluvial deposits from Rimac basin are at higher levels than those from Chillon basin.
We have taken water samples from 25 wells and 2 water springs owned by SEDAPL whose locations are numerated in Fig. 1 table under the Lima delta takes around 3 years to reach the Estrella water spring near sea.
B. Origin of waters
Origin of water is determined with the natural tracers 2 H and 18 O, which are stable isotopes.
The composition of the waters of these isotopes are expressed in terms of (δ 18 O, δ 2 H), which are expressed in units of .
The Lima aquifer receives contributions of Chillon and Rimac basins. SEDAPAL has built water wells in both basins, at higher altitudes than the Lima delta, before the waters are mixed. The geographical coordinates of SEDAPAL water wells are shown in Fig. 1 . The corresponding isotopic composition of water from these wells is shown in Fig. 4 . The isotopic composition of the Chillon and Rimac basins, are clearly distinguishable as different columns on the δ-diagram.
In contrast, in the aquifer under the Lima Delta, the water seems to come from both basins, except those on the opposite sides of the delta, which maintain their corresponding identities.
The Estrella (19) and the Barranquito (20) The water well of Callao Sea (2) has a composition of (-13.94, -102.53) which resembles the parameters of the water from the Rimac basin. On the other side, the composition of the water from Puente Piedra (6) is (-12.03, -90.76), which makes it the heaviest among the studied water samples.
Water weight affects the vaporization cycle of water: lighter water falls with rain at higher elevations than heavier ones. This means that among the samples taken, the waters of Pueblo Libre and Callao fell at the highest altitude and the water from Puente Piedra (6) well fell at a the lowest altitude. Notice that Puente Piedra (6) well is located on the right side of the Chillon River, separated from most of the samples that have been taken from the left side of the river.
C. Water age
Let's define as the wells floor altitude, the altitude of the well minus the wells depth. In Fig. 5 , the tritium content depending on the altitude of the wells floor is plotted. One can observe that, whenever the altitude is higher than sea level, the tritium content increases with the wells floor altitude.
It is worth noting that the water of the well under the sea in front of Callao is 0.1 TU. If one assumes that in fresh water the tritium abundance is 2 TU, then the water from this well has been around 50 years underground. The waters of La Punta and Chorrillos wells have 0.4 and 0.5 TU, respectively, suggesting an age of around 25 years.
The low 14 C content in the waters of the mentioned wells (see Fig. 6 ) seems to confirm the hypothesis that these waters belong to the oldest water samples.
D. Oxigen Content
In Fig. 7 , the relative abundance of floor, referred to water wells represented in Fig. 2 
